INTRODUCTION
Although the strategic importance of oilseed crops for Egyptian people could not negligible, Egypt is suffering from a huge gap of oil ranging between 87−90 %. There are many annual oil crops can be cultivated, however, the area devoted for this purpose is limited, not exceeding 1.58% of the total crop acreage (CAPMAS, 2014)*. This is due to the intense competition between oil crops and other strategic, notably grain and forage, ones. For shrinking this issue, the expansion vertically and horizontally is crucial. However, in dry land cropping systems, water is the most important limiting factor for crop production (Ashrafi and Razmjoo, 2009). Regarding oil production, sunflower is one of the four most important oilseed crops (Demir et al 2006) . It represents a source of high quality edible oil containing about 55-65% of linoleic acid, 20-30 % oleic and different fatty acids (Joksimovic et al 2006) . In addition, because of the seed has high oil and protein, being 36-52% and 28-32%, respectively (Rosa et Drought is one of the major constraints to crop production in the world (Farooq et al 2012) . Increasing disquiet of water incompetence and more continual and harsh drought due to climate change has stimulated research toward water-aving irrigation programs aiming at producing more 'crop per Arab Univ. J. Agric. Sci., Special Issue, 26(2B), 2018 drop' (Dodd, 2009; Morison et al 2008) . In this respect, usage water below full crop-water requirements is regarded one of the significant pattern to overcome shortage water resources through diminishing irrigation water amounts (Fereres and Soriano 2007; Kang et al 2000) . Such practice planed to improve water savings in agriculture (Bashir and Mohamed, 2014 ) but it should be performed taking crop species into account. Productivity of sunflower is mightily regulated by the availability of water and greatest yield losses manifest when water shortage occurs (Yawson et al 2011) .
Different climatic conditions based on temperature predominant in varying seasons during the crop growth stages may lead to variations in yield components (Kll and Altunbay, 2005 (Hasanuzzaman et al 2013) . Temperature variations in the field can be created by planting crops at different dates in the season, thus crop will grow at different temperature, sunshine, and relative humidity (Qadir et al 2007) .
Unfavorable temperatures and low water supply, as abiotic stresses, promote overproduction of reactive oxygen species (ROS) in plant cell which are highly reactive and toxic and eventually results in oxidative stress (Gill and Tuteja, 2010) . Elevated levels of ROS lead to the inactivation of proteins and inhibit the activity of multiple enzymes involved in metabolic pathways, and result in the oxidation of other macromolecules including lipids and DNA (Hossain et al 2014) . Therefore, plant cells are equipped with splendid antioxidant defense mechanisms to detoxify the harmful effects of ROS.
For this, determining the optimum irrigation scheduling coupling with sowing date of sunflower under the newly reclaimed lands was the aim of this study. Table 2 shows the irrigation amounts applied for sunflower based on irrigation level for each planting date. Plants were irrigated using drippers of 2 L h -1 capacity. Irrigation water was obtained from an irrigation channel passing through the experimental area, with pH 7.4, and EC 0.35 dS m -1 .
MATERIALS AND METHODS

During
Sunflower seeds (cv. Sakha-53) were sown in hills (3-5 seeds per hill), with 20-cm distance on the ridge. At 15 days after sowing (DAS), plants were thinned to secure one plant per hill. Plants were irrigated by using drippers of 2 L h -1 capacity. Irrigation water was obtained from an irrigation channel passing through the experimental area, with pH 7.4, and EC 0.35 dS m -1 .All other recommended cultural practices were applied throughout the two seasons. 
c. Water use efficiency (WUE)
To evaluate treatments with respect to maximum yield produced per unit of water applied in the field, WUE was computed. Seed moisture content was about 15.0% and the WUE was expressed as sunflower seed yield (kg) per applied water (m 3 ), according to Pene and Edi (1996).
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Statistical analysis
Data were subjected to analysis of variance (ANOVA) according to Gomez and Gomez (1984), using Costat software program Version 6.303 (2004) . The combined analysis of variance for the data of the two seasons was performed after testing the error homogeneity. The differences among means were compared using LSD test at 0.05 probability level.
RESULTS AND DISCUSSION
Physiological and growth traits
Analysis of variance proved remarked effects of sowing dates on physiological and growth traits of sunflower (Table 3) . Leaves contained more chlorophyll a and carotenoides for plants sown in May and June, respectively. In other words, leaf chlorophyll a content was higher by sowing in May than in either April or June sowings, while leaf carotenoides of plant sown in May or June surpassed those sown in April. Unlike chlorophyll a and carotenoides, the minimal value of proline was obtained with sowing in May (mid sowing). Marked leaf proline increase, however, was gained with early sowing (in April), and another increase was occurred with delayed sowing (in June). The increments in proline due to early or delayed sunflower sowing reached 5.5 and 12.1%, respectively compared to sowing in May. Proline enrichment in the stressed plants is a general response to various abiotic stresses, hence it has been developed as effective indices for stress tolerance identification (AbdelNasser and Abdel-Aal, 2002). Moreover, proline accumulation in stressed plants has been well established to play a key role as osmoregulation defense mechanism, leading to prevent the cell osmotic pressure and survive in the extreme conditions (Sankar et al 2007) . High proline accumulations in plant cells may reflect the reduction in lipid peroxidation products, acting as free radical scavenger and its binding with redox-active metal ions can prevent the biological tissues, damaging by OH
• free radicals (Hsu et al 2003) . Increases in proline occur at moderate to severe stress levels (Khanna-Chopra, 2004).
Concerning the growth traits, reductions in plant height and LAI resulted due to sowing early (in April) or delayed one (in June) were observed ( Our findings clarify that sowing sunflower in non-May, whether earliness or delay means exposure of plants to heat stresses, where reductions in chlorophyll a and carotenoides as important photosynthesis pigments and increment in proline as an indicator of heat stress as well as decreases in growth traits were obtained due to early and delayed plantings compared mid sowing (Table 3) . Temperature considered the primary factor governing crop growth rate (Baydar and Erbas, 2005) .
Decreases in chlorophyll a, carotenoides, plant height and LAI as well as increase in proline due to lowering irrigation water below well-watered conditions were anticipated as illustrated in Table 3 .
Irrigating sunflower plants using ET85% and ET70% treatments, representing moderately waterstressed and severely water-stressed conditions, respectively, markedly reduced chlorophyll a by 24.2 and 33.6%, carotenoides by 22.7 and 35.3%, plant height by 8.6 and 18.8% and LAI by 36.0 and 51.7%, while increased proline content by 87.2 and 221.6% respectively, compared to ET100%, i.e. wellwatered condition. It is well documented that various abiotic stresses, including drought, lead to the overproduction of ROS in plants which are highly reactive and toxic and ultimately results in oxidative stress (Gill and Tuteja, 2010). Being ROS are responsible for the damage to membrane and other essential macromolecules (such as photosynthetic pigments, proteins, DNA and lipids), chlorophyll a and carotenoides reduction associated low water supply (Table 3) . Under water deficit stress, chloroplast ultrastructures are the first targets to be damaged in the cellular levels since it is the major site of ROS production (Munné-Bosch and Peñuelas, 2003). The decrease in chlorophyll content under drought stress has been considered a typical symptom of oxidative stress and may be the result of pigment photo-oxidation and chlorophyll degradation. Photosynthetic pigments are important to plants mainly for harvesting light and production of reducing powers (Anjum et al 2011) . Studies by majority of chlorophyll loss in plants in response to water deficit occurs in the mesophyll cells with a lesser amount being lost from the bundle sheath cells (Anjum et al 2011) The interactions between irrigation levels and sowing dates in affecting physiological and growth traits of sunflower were significant (Table 3) . As expected according to data recorded of irrigation levels and sowing dates, it seems that sunflower plants are grown under optimal conditions when sown in May and irrigated with ET100%. These circumstances induced the highest values of chlorophyll a, carotenoides, plant height and LAI, but the lowest value of proline. Under stress conditions, however, lower values are detected for chlorophyll a (sowing in May or June), carotenoides and plant height (sowing in April), and LAI (sowing in June). This is true with applying 70 of crop evapotranspiration (ET70%) for all aforementioned traits in addition also to ET85% for LAI. So, sunflower plants were more adversely affected by water stress especially with delaying date of sowing. Furthermore, proline content was the lowest when sunflower plants are grown in April or May under wellwatered condition, i.e. ET100%.
Yield and its attributes and WUE
Distinctive discrepancies in sunflower yield and its attributes and WUE due to sowing dates and irrigation levels and their interaction are recorded except for WUE as affected by irrigation level (Table 4).
Among the evaluated sowing dates, sowing in May as promising practice proved the potency for giving increases in head diameter and weight, seed index, seed yield and oil yield, while sowing in April and June dates were not significantly differed in affecting the seed yield and WUE (Table  4) . The reductions in head diameter, head weight, seed index, seed yield, oil yield and WUE amounted to 11.8 & 20.5, 6.9 & 15.1, 10.3 & 17.3, 10.5 & 12.8, 13.7 & 18.3, and 11.8 & 9.8 June sowings, respectively, as compared to May sowing. Sunflower productivity largely depends on the prevailing temperatures throughout the life cycle of the crop. In this respect and based on data in Table 1 , sunflower plants were more accelerated for collecting heat in planting date of June than May. Such event led to shortening duration of different growth stages for plants of sunflower sown in June, hence reached maturity earlier. But this effect did not allow plants to utilize the gathered heat units better. Also in April planting date, plants take longer time in vegetative stage due to relatively low temperature prevailing and can not relatively utilize the heat units towards reproductive stages and consequently final product. Thus, planting before or after May resulted in decrease yield due to colder temperature early in the season and warmer weather later in the season. In May planting, it looks like that there was a relatively agreeable equilibrium between cumulative heat units and development stage from emergence till maturity. Herein, we can say it is not only important that plants gain large thermal units, but should be in harmony with different crop growth stages. Also, incompatibility of the use thermal units collected by the plant with the growth stage represents an encumbrance or stress on the plant. Kaleem et al (2009) concluded that lower yield associated with delayed planting of sunflower was due to warmer temperature during the early growth period, which accelerated stem growth and early switching over from vegetative to reproductive stage. In delayed sowing date, high temperature inhibited pollen germination and pollen tube growth, which resulted in lower seed yield (Kakani et On the other hand, ET100% demonstrated superiority over than other applied irrigation levels (ET85% & ET70%) in improving sunflower head diameter, head weight, seed index, seed yield and oil yield, but WUE did not affect (Table 4) . Comparing to such well-watered treatment, diminishing irrigation water by 15% (ET85%) to 30% (ET70%) caused reductions of 17.6-36.9, 22.0-38.0, 16.3-33.1, 18.6-32.0 and 27.5-43.6% in the forenamed affected traits, respectively. Sunflower plants are drought-resistant, but yield and oil content are reduced if they are exposed to drought stress during the main growing and flowering periods, i.e. irrigation is a key factor for obtaining high yields (FAO, 2010) . Although sunflower is known to be a drought tolerant crop or grown under dry land conditions, substantial yield increases can be achieved by supplementary irrigation, which is one of the most effective strategies to mitigate the effects of dry spells in crop production (Fox and Rockstrom, 2000; Xiao et al 2007) . The reason for increase in yield under optimum irrigation was the extension of leaf area and its higher duration that allowed plants to take advantage of received light and therefore produce higher yield. Moreover, High 1000-seed weight, resulting from more irrigation, was probably due to the availability of adequate soil moisture and translocation of assimilates from source to sink during seed formation and seed ripening stages (Mirshekari et al 2012) . Increasing drought stress caused significant decrease in sunflower head diameter ( Sowing dates and irrigation levels were markedly interacted in affecting all studied traits of sunflower yield and its attributes and WUE as shown in Table 4 
